Isolation and characterization of a new hemoglobin derivative cross-linked between the alpha chains (lysine 99 alpha 1----lysine 99 alpha 2).
Bis(3,5-dibromosalicyl) fumarate and a number of related bifunctional reagents react preferentially with oxyhemoglobin to cross-link the beta chains within the 2,3-diphosphoglycerate-binding site. In this report we describe a new derivative cross-linked between the alpha chains which is formed specifically in the reaction with deoxyhemoglobin. X-ray crystallographic studies show that the cross-link lies between Lys-99 alpha 1 and Lys-99 alpha 2, spanning the central cavity of the tetramer. Lys-99 alpha 1 and Lys-99 alpha 2 are located within a cluster of charged residues very near the middle of the hemoglobin molecule. In oxyhemoglobin, this site is completely inaccessible to the cross-linking agent. Competition experiments with inositol hexaphosphate indicate that the compound enters the central cavity in deoxyhemoglobin through the cleft between the alpha chains. Despite the presence of the cross-link between the alpha chains, the modified hemoglobin remains highly cooperative. The Hill coefficient for HbXL99 alpha is 2.6. The oxygen affinity of the cross-linked derivative is decreased by approximately 2-fold; at pH 7.0 in the presence of 0.1 M NaCl the P50 is 13.9 mm Hg compared to 6.6 mm Hg for HbA. This difference appears to be due to relatively small changes in both KR, the association constant for binding of oxygen to the R state, and the allosteric constant L. Surprisingly, the isoelectric point of oxyHbXL99 alpha is almost identical to that of oxyHbA, whereas in the deoxy form the isoelectric point of the cross-linked derivative is decreased relative to native hemoglobin as expected due to the loss of the two positive charges of the modified amino groups. In agreement with these findings, the alkaline Bohr effect of HbXL99 alpha is decreased by more than 50%. Earlier studies argue strongly against the possibility that Lys-99 alpha is directly responsible for this large fraction of the Bohr effect in HbA. Analysis of the structure suggests that in the cross-linked derivative Glu-101 beta, which is in close proximity to Lys-99 alpha in oxyhemoglobin, becomes an acid Bohr group.